The bacillus Calmette-Guérin (BCG) 
Vaccination is one of the most successful accomplishments of medical science and no other single intervention has had such an overwhelming effect on reducing mortality rates resulting from childhood diseases (Zaman et al. 2013 ). Vaccines play a central role in decreasing child mortality rates and increasing life expectancy rates. Vaccination has also resulted in the complete eradication of smallpox and in a dramatic reduction in diseases caused by several infectious agents, including bacteria and viruses .
The majority of vaccines used today are parenteral vaccines (Owen et al. 2013) . Mucosal vaccination can be achieved via a number of routes, including oral, intranasal (IN), pulmonary, rectal or vaginal (Zaman et al. 2013) . Oral mucosal vaccines have considerable advantages compared to systemic injections, including ease of administration, improved practicality for mass vaccination (i.e., not requiring trained personnel or risking contaminated needle sticks), increased patient compliance and ease of production due to a decreased need to purify bacterial by products such as endotoxin, as the gut already harbours trillions of commensal bacteria , Owen et al. 2013 ). In addition, systemic vaccines do not induce a sustained mucosal immune response. Mucosal vaccines can induce both systemic and mucosal immunity, including antigen (Ag)-specific response, especially at mucosal surfaces, which are the frontlines of pathogen infections (Ranasinghe 2014) .
Mucosal surfaces are mainly represented by the gastrointestinal, respiratory and urogenital (UR) tracts and are therefore vulnerable to infection by pathogenic microorganisms (Pavot et al. 2012 a surveillance function for the acceptance of beneficial Ags from the outside environment and an immunological function for the rejection of non-beneficial Ags (Sato & Kiyono 2012) . The mucosal area maintains its integrity through coordinated interactions between the microbial flora, the physical barrier properties of the mucosa and the immune defence mechanisms .
The mucosal immune system consists of an integrated network of tissues, lymphoid and non-lymphoid cells and effector molecules such as antibodies, chemokines and cytokines. These host factors respond to pathogen invasion and infection (and to mucosal vaccines) by orchestrating innate and adaptive immune responses to confer protection (Woodrow et al. 2012) .
Ags administered at mucosal surfaces are generally less immunogenic and tend to induce tolerance, as the host strives to maintain mucosal homeostasis by responding to mucosal Ags with a tolerant immune response (Rhee et al. 2012) . Indeed, only a very limited number of mucosal vaccines have been approved for human use and are on the market: the oral polio vaccine, the oral killed-wholecell B subunit and live-attenuated cholera vaccines, the oral live-attenuated typhoid vaccine, the oral bacillus Calmette-Guérin (BCG) live vaccine [used in Brazil for vaccination against tuberculosis (TB) up until the 1970s] and the oral adenovirus vaccine (restricted to military personnel only) (Rhee et al. 2012) . Efforts have revolved around developing effective mucosal vaccines and/or immunotherapies that are more efficient in delivering the appropriate Ags to the mucosal immune system. These efforts have focused on developing effective and safe mucosal adjuvants or immunoregulatory agents that provide protective immunity against infectious agents or induce the suppression of peripheral immunopathological disorders, respectively (Holmgren et al. 2003) .
Mucosal vaccines, in contrast to injected vaccines, have been reported to provide additional secretory antibody-mediated protection against pathogens at the mucosal site of entry (Rhee et al. 2012) . Important virtues of mucosal vaccination are their capacity to induce protective immune responses both in the mucosal and systemic immune compartments (Rhee et al. 2012) , as well as to trigger both humoral and cell-mediated immune protection and to strongly induce long-term B and T cell memory responses (Lycke 2012).
Lycke (2012) affirms that protection against pathogens can be effectively achieved by directing memory and effector immune cells to the mucosal membranes through tissue-specific homing receptors. B and T cells acquire mucosal homing properties only in the draining lymph nodes specialised dendritic cells (DCs) that migrate from the mucosal tissues to these lymph nodes. Hence, vaccination via the intramuscular or subcutaneous routes poorly promotes immune protection at mucosal membranes. Following mucosal immunisation, Ag-triggered B and T cells leave the draining lymph nodes, transit through the lymph, enter the blood circulation and then "seed" the mucosal tissues (Lycke 2012).
To induce effective mucosal immune responses, a vaccine should be directed toward the main sites of mucosal immune activation. Inductive sites of the mucosal immune system include the organised lymphoid tissues such as the tonsils in the upper airways and the Peyer's patches and appendix in the intestines. These organised lymphoid tissues reside directly below the mucosal epithelium (Woodrow et al. 2012) .
A prerequisite for successful mucosal vaccination is that the orally introduced Ag should be transported across the mucosal surface into the mucosa-associated lymphoid tissues (MALT). In particular, M cells, which are specialised epithelial cells, are responsible for Ag uptake into MALT. In addition, the rapid and effective transcytotic activity of M cells makes them an attractive target for mucosal vaccine delivery, although simple transport of the Ag into M cells does not guarantee the induction of specific immune responses .
The migration of immune cells from mucosal inductive to effector tissues is the cellular basis for the common mucosal immune system (CMIS). Mucosal vaccination elicits immune responses in distant multiple mucosal effector sites. Although it has been shown that gut-associated lymphoid tissue (GALT) and nasalassociated lymphoid tissue (NALT) share common features, it is also clear that a compartmentalisation occurs between the oral and nasal immune systems. Thus, oral immunisation mainly elicits Ag-specific immune responses in the small intestine, in the proximal part of the large intestine and in mammary and salivary glands, whereas nasal immunisation induces mucosal immunity in the UR tract, the nasal and oral cavities and the cervicovaginal mucosa (Fujkuyama et al. 2012) . Nasal and sublingual immunisation can induce immune responses in the genital tract (Holmgren & Svennerholm 2012) .
Mucosal inductive sites, including GALT and NALT, collectively comprise a MALT network for the provision of a continuous source of memory B and T cells to mucosal effector sites. MALT contains T-cell zones, B cellenriched areas containing a high frequency of surface IgA (sIgA)-positive B cells and a subepithelial area with argon plasma coagulation (APCs) for the initiation of specific immune responses. MALT is covered by a follicleassociated epithelium that consists of a subset of differentiated microfold (M) epithelial cells, columnar epithelial cells and lymphoid cells, all of which play a central role in the initiation of mucosal immune responses. M cells take up Ags (Ags) from the lumen of the intestinal and nasal mucosa and transport them to the underlying APCs, including DCs. In addition, recent studies have identified isolated lymphoid follicles (ILFs) in the mouse small intestine. The ILFs have been identified as part of GALT and, as such, are a mucosal inductive tissue. These ILFs mainly contain B cells, DCs and M cells in the overlying epithelium. In addition, most recent studies showed that tear duct-associated lymphoid tissue and conjunctivaassociated lymphoid tissue play a role as mucosal inductive tissues. Mucosal effector sites, including the lamina propria regions of the GI, the upper respiratory and the reproductive tracts, secretory glandular tissues and intestinal intraepithelial lymphocytes, contain Ag-specific mucosal effector cells such as IgA-producing plasma cells and B and T cells (Fujkuyama et al. 2012) .
One of the most important infectious diseases that use the mucosa as an entry gateway is TB. This disease is caused by a highly robust bacterial pathogen, Mycobacterium tuberculosis (Mtb), which resists and even subverts protective immunity. TB currently afflicts approximately nine million individuals (Kaufmann 2013) . Its successful survival strategy is reflected by the epidemiology of the disease. TB remains a major global health problem. In 2012, an estimated 8.6 million people developed TB and 1.3 million died from the disease [including 320,000 deaths among human immunodeficiency virus (HIV)-positive people]. The number of TB deaths is unacceptably large given that most of these deaths are preventable (WHO 2013 ). This situation is worsened, especially in poorer countries, where TB coincides with immunocompromised HIV-infected individuals and where latent TB infection (LTBI) and multidrug resistance are major contributing factors to the increased burden of disease (Clark et al. 2010) . The treatment of TB is achieved through the use antibiotic therapy and prevention is through vaccination with Mycobacterium bovis BCG.
BCG, the vaccine most widely used against TB worldwide, is derived from M. bovis and has been attenuated after 230 passages over a period of 13 years. Since its attenuation, the original BCG strain has produced many descendant strains that have been distributed and used in many countries and regions around the world (Zhang et al. 2013) .
This attenuation promoted genomic deletions, that together with the evolution of M. bovis, resulted in 16 genomic regions of differentiation (RD) (RD1-RD16, plus nRD18), when compared with the Mtb genome (Costa et al. 2014) . In additions, a series of genetic modifications, such as deletions and insertions, have occurred that currently define several groups of the BCG substrains. The "early" BCG, Group 1 (1921 Group 1 ( -1925 ; BCG Moscow, BCG Moreau and BCG Tokyo), which were distributed first by Calmette and are still in use today, seem to be the closest genetically to the original strain. In the 1920s, loss of a DNA sequence upstream of the important regulator gene phoP gave rise to Group 2 BCG Sweden and BCG Birkhaug. After 1931, Group 3 emerged, which includes BCG Glaxo and BCG Copenhagen, currently manufactured by Staten Serum Institute, Denmark, and sold as BCG Danish 1331. A "late" Group 4 includes BCG Tice (1934) and BCG Connaught (1948) , both of which are no longer used for vaccination, but are the principal substrains used for bladder cancer immunotherapy in Europe and the United States of America (Brosch et al. 2007 , Gan et al. 2013 .
BCG Moreau, the strain used in Brazil, has a unique characteristic that corresponds to a 7,608 bp deletion (RD16) compared to the Mtb genome. Gomes et al. (2011) also confirmed the presence of tandem duplication DU2-I and a Moreau-specific deletion in fadD26-ppsA (976 bp). RD16 is a 7.6 kb DNA section encoding Rv3405 that is responsible for colony morphology characteristics and for the formation of cell membrane constituents (Honda et al. 2006) . Studies have shown that "early" derived strains, such as the BCG Moreau, are more immunogenic and may confer better protection against TB (Gomes et al. 2011) .
The BCG vaccine, the only vaccine licensed against TB, is one of the most widely used vaccines because it is both inexpensive and safe (Kashyap et al. 2010) . It is effective in preventing the most severe disseminated forms of the disease in children and newborns (Clark et al. 2010 ), but it fails to protect against adult pulmonary TB (Kaufmann 2010). The BCG vaccine is contraindicated in infants infected with HIV (Hawkridge 2009) .
Meta-analysis studies have confirmed that BCG protects children, providing > 80% efficacy against severe forms of TB, including tuberculous meningitis and miliary TB. In contrast, evidence for protection against pulmonary TB in adolescents and adults remains contentious, as efficacy estimated from clinical trials, observational case control studies and contact studies range from 0-80% (Liu et al. 2009 ).
The reasons for variable BCG efficacy are unknown, but it is hypothesised that a number of factors may contribute to the variability. These factors include differences among vaccine strains used, pre-exposure of populations to environmental mycobacteria, genetic or nutritional differences among human populations and differences among clinical strains of Mtb (Clark et al. 2010) .
The protective efficacy of BCG also depends on the geographical location, as BCG efficacy has been shown to be reduced in populations that live in rural areas closer to the Equator (Burl et al. 2010) . In a recent review, Mangtani et al. (2014) described a well-established association between protection and geographic location.
Despite the relative efficacy of BCG in infants, one of the major unanswered questions is why the BCG vaccine fails to prevent pulmonary TB in adolescents. It has been proposed that immune memory wanes in adolescence, which is the most critical period for TB infection and/or its progression to active disease (Ottenhoff & Kaufmann 2012) . One possible explanation is the fact that immunological memory is induced by BCG at an early age (neonates or infants) when the immune system is not yet fully mature. However, other factors may also contribute to decreasing BCG efficacy and/or enhanced susceptibility of young adults to TB.
There are genetic differences between BCG vaccines that suggest that the BCG strains used have evolved since 1921. Brosch et al. (2007) used genome sequencing to postulate that BCG vaccines derived before 1930 or 1940 may be immunologically superior to the more recent and widely used variants. Mangtani et al. (2014) found little evidence for an association between the estimated effects of BCG and the year each trial commenced or that effects varied according to the groups proposed. Those BCG groups include strains currently in use: Denmark (in DU2 Group III), Russia (in DU2 Group I) and Japan (also in DU2 Group I).
It is important to remember that other proposed explanations include human genetic differences, genotypic differences between infecting mycobacteria and a variety of proposed explanations for the association of protection with geographic latitude: exposure to ultraviolet light (due to its mycobacterial killing effect), levels of vitamin D, helminthic infestation or the effect of poor nutrition on immune responses (Mangtani et al. 2014) .
Another important aspect is the impact of non-tuberculous mycobacteria (NTM) infection on BCG vaccination. There is some evidence that prior exposure to NTM may affect the efficacy of BCG vaccines. This possible interference may be the cause of the reduced efficacy of the BCG vaccine demonstrated in the Chingelput BCG trial and it may explain the geographic differences in vaccine efficacy. In fact, repeated exposure to NTM in tropical regions is believed to be the main explanation for the low efficacy of BCG vaccines in these areas. Furthermore, because of cross-reactivity among mycobacterial species, exposure to NTM may provide some protection against TB and it can also alter the results of purified protein derivative (PPD) skin tests (Valadas 2004) .
Due to the controversy over the effectiveness of the BCG vaccine, many studies researching new vaccine strategies have been developed. Increases in investments over the last years have led to advances in the development of new TB vaccines, diagnostic methods and drugs. Although several TB vaccines are in Phase 2 and 2b trials, vaccine evaluation is a lengthy and high-risk process (Gröschel et al. 2014) .
Over 10 candidate TB vaccines designed either to boost the BCG vaccine or replace it are at different stages of clinical testing (Tameris et al. 2013) . The majority of preventive vaccines build on immunity induced following priming with BCG. These booster vaccines are either viral vectors expressing one or more Mtb Ags or protein-adjuvant formulations comprising fusion proteins of up to four Mtb Ags (Weiner 3rd & Kaufmann 2014). TB vaccines can be administered either pre-infection, designed to prevent infection from occurring or post-infection, designed to prevent latent infection progression (Esmail et al. 2014) .
Strategies used on new vaccines against TB development include subunit vaccines, production of non-recombinant viral vectors and recombinant BCG (rBCG) construction. The construction of rBCG includes overexpression of Mtb immunodominant Ags expressed by BCG, insertion of Mtb immunodominant Ags absent on BCG (overexpression with reintroduction of genes lost during BCG attenuation) and BCG modification to induce CD8 + T cell-specific immune response proteins and cytokines (Costa et al. 2014) .
The BCG vaccine was developed by Calmette and Guérin as an oral vaccine. In Brazil, Assis (1950) demonstrated that repeated oral doses of BCG Moreau were highly effective in preventing TB. Brazil routinely employed single-dose oral immunisation with 100 mg of BCG Moreau up to the mid-1970s (Cosgrove et al. 2006) .
In 1921, Calmette chose the oral route for BCG vaccination for its simplicity of administration, its penetration through the intestinal epithelium in newborn animals and babies and for its capacity to induce specific mycobacterial immunity through this route. More recently, it has been shown that BCG is able to cross the intestinal barrier through the M cells of Peyer's patches. In fact, BCG was found in the Peyer's patches of mice 6 h postadministration (Lagranderie et al. 2000) .
During the years 1924-1926, at Ulleval Hospital in Oslo (Norway), it was observed that oral administration of BCG produced no "allergic skin" response, one of the criteria accepted at the time as evidence of immunity against TB; it was thus decided that a switch to a parenteral vaccine (subcutaneously) was needed. The results showed that parenteral administration led to an "allergic reaction" to tuberculin or the tuberculin skin test (TST) (Heimbeck 1948) . Consequently, the parenteral route became popular in the Nordic countries, especially after 1927, when Walgreen improved vaccination through the intradermal route and inoculation by using 0.1 mg of BCG in individuals of any age with a negative skin test (Benévolo-de-Andrade et al. 2005) .
In 1930, there was a serious accident in Lübeck (Germany) which caused profound changes in BCG vaccination, reinforcing the change of route. According to Benévolo-de-Andrade (2005) , 250 children were supposedly vaccinated with BCG and 73 died from TB in the first year, while another 135 developed signs and symptoms of disease. Subsequent investigations revealed that a culture of Mtb, isolated from a sick child, was kept in the same incubator with the BCG and, during the vaccine preparation, the vaccine became contaminated and contained 1/3 of BCG and 2/3 of the tuberculous bacillus. Based on this, oral vaccination was replaced, in most countries, by the intradermal route (Gheorghiu 1996) . Brazil maintained the use of the oral vaccine until the mid-seventies, when it was replaced by the intradermal route. This change in the route of immunisation in Brazil was mainly for medical pressure based on poor skin responses of individuals immunised orally (Succi 1985) . After the Second World War, the use of BCG increased in Europe and in developing countries (Succi 1985) .
By the beginning of the 1940s, other routes were evaluated because: (i) oral delivery of BCG was sometimes causing cervical adenitis and (ii) high doses of oral BCG were required to induce positive delayed-type-hypersensitivity (DTH) response to tuberculin. Today it is established, both in animal models and in humans, that BCG-induced DTH does not correlate with protection because T-cell subsets and recognised Ags involved in DTH differ from those inducing protection (Badell et al. 2009) . No cervical adenitis cases were reported in Brazil, where up to 200 mg of BCG Moreau wild type was administered per os to newborns between 1945 -1977 (Badell et al. 2009 ).
BCG-based vaccines can potentially provide a safe and effective tool to mimic natural infection and stimulate both innate and acquired immunity under relatively "natural" conditions of gut infection (Schreiber et al. 2010) .
Monteiro-Maia et al. (2006) observed that two individuals who received oral BCG vaccine boosts showed an alteration in their humoral immune response, measured as an isotype shift from IgG to IgA, suggesting that oral revaccination is capable of provoking cellular and humoral responses. This response was independent of the route used in previous vaccination. Given that TB affects an important mucosal site, the respiratory tract, the potential use of oral booster vaccination in immunisation programs is of interest. Subjects who were not boosted were not capable of mounting this shift in immunoglobulin isotype for the Ags tested. Hoft et al. (2000) proposed a combination of oral and intradermal routes for BCG vaccination with the objective of inducing protective mucosal and systemic immunity against initial infection and systemic progression. Cosgrove et al. (2006) reported that oral-delivery of BCG Moreau to humans could elevate interferon (IFN)-γ responses among subjects who had received a prior (parenteral-route) BCG immunisation. This indicates that an orally delivered BCG may have the potential to act as either a primary vaccine or as a boosting agent.
Researchers over the last several decades have tried to determine how our immune system fights Mtb infection. Previous evidence shows that the development of either a T H 1 or a T H 2 response during mycobacterial infection can lead to different clinical outcomes. T H 1 cytokines stimulate cell-mediated immunity (CMI) and anti-intracellular pathogen responses, while T H 2 cytokines stimulate predominantly anti-extracellular pathogen humoral responses and are associated with progressive infection of Mtb (Ordway et al. 2005) . It is known that CD4 + T cells and the pro-inflammatory cytokine IFN-γ are required to control Mtb infection in humans and in mice (Thakur et al. 2012) . Other aspects of the immune response shown to play a role in protection against TB include CD8 + T cells, T H 17 cells, γδ T cells, CD1-restricted invariant natural killer T cells and mucosal-associated invariant T cells (Khader et al. 2007 , Sada-Ovalle et al. 2008 , Gold et al. 2010 , Meraviglia et al. 2011 , Bold & Ernst 2012 .
According to Thakur et al. (2012) , IFN-γ is essential for the defence against Mtb infection. This was revealed by experimental studies using knockout mice and through the observation of unusually severe mycobacterial infections in patients with defects in either the IFN-γ or the interleukin (IL)-12 signalling pathways. The role of CD4 + T cells in the defence against Mtb infection has been inferred from the increased reactivation of latent Mtb infections in CD4 + T cell deficient patients following HIV infection and from severe TB observed in CD4 + T cell-deficient mice. These clinical and experimental findings have led to a widely accepted model positing that the critical immunologic mechanism of anti-myco-bacterial immunity involves CD4 + T cells that secrete IFN-γ to activate bactericidal functions of Mtb-infected macrophages. Substantial evidence indicates that IFN-γ can activate murine macrophages to limit Mtb growth, but the relative importance of this bactericidal mechanism and the cellular sources of IFN-γ are unknown. Evidence for a CD4 + T cell-dependent, IFN-γ-independent mechanism of killing has been suggested by the finding that the frequency of Mtb-specific, IFN-γ-producing cells following immunisation do not correlate with protection against infection and that depletion of CD4 + T cells exacerbates Mtb infection in mice, despite the ongoing expression of IFN-γ (Thakur et al. 2012) .
During Mtb infection, major histocompatibility complex (MHC) class II and class I restricted CD4 + and CD8 + , CD1-restricted and γδ T lymphocytes are activated by Ags through MHC class II and I molecules, lipid Ags through CD1 molecules and phospholigands through γδ T cells, respectively. Activated T lymphocytes release IFN-γ and other cytokines which will in turn activate macrophages to eliminate bacteria. CD4 + T lymphocytes are differentiated into several different effector cells such as T H 1, T H 2, T H 17 and regulatory T cells (Treg). T H 1 cells mainly produce IFN-γ controlling intracellular infection including Mtb, whereas T H 2 cells produce IL-4, IL-5 and IL-13 mediating humoral immunity. Treg cells produce IL-10, negatively regulating both IFN-γ and IL-17 responses (Li et al. 2012 ).
According to Ling et al. (2013) , IL-17A is required to induce the formation of mature granuloma after Mtb infection. Mice deficient in IL-17A exhibit impaired granuloma formation and weakened protective immunity against Mtb infection. Furthermore, IL-17A promotes the production of chemokines in mice during Mtb challenge, leading to the recruitment of neutrophils and IFN-γ-producing CD4 + T cells, which subsequently contribute to the restriction of Mtb growth in the lungs.
Efficient control of Mtb infection mainly depends on interactions between infected macrophages and DCs with Ag-specific T-lymphocytes secreting IFN-γ. Activation by IFN-γ confers tuberculostatic and tuberculocidal capacities upon macrophages, reflected by mycobacterial outgrowth in mice and humans with defects in IFN-γ signalling. IFN-γ-induced factors involved in the protection against TB in vivo include inducible nitric oxide synthase, which generates reactive nitrogen intermediates and the small GTPase LRG-47. As a result of T-CMI, replication of Mtb is confined; however, a residual number of mycobacteria may enter a dormant stage such that latently infected individuals stand a 10% risk of disease reactivation later in life (Kahnert et al. 2006) .
Testing cellular immune reactivity to Mtb Ags is a common diagnostic procedure when suspecting an infection with Mtb. Without clinical, radiological or microbiological proof of the active disease, the immune reactivity to Mtb Ags is termed LTBI. The traditional intracutaneous tuberculin test (Mendel Mantoux test) requires the patients to be seen twice, is prone to false positive results after BCG vaccination and to false negative reaction in states of immunosuppression. The in vitro IFN-γ release assays provide an enhanced specificity after BCG vaccination and infection with non-TB mycobacteria, as well as the convenience of a onetime blood test (Felber & Graninger 2013) .
BCG strain Moreau Rio de Janeiro (MRDJ) had been continually used as an oral vaccine in the national programme in Brazil until 1974 and remained commercially available until 2005 (Ho et al. 2010 . The BCG Moreau strain still remains available for human oral administration and has a good safety record with fewer reported side effects compared to other BCG strains (Clark et al. 2010) .
There is general agreement that effective mucosal vaccines could dramatically contribute to the improvement of global health by stimulating protective immune responses not only against mucosal infections, but also against HIV, Mtb and many other infections (Lycke 2012).
Oral administration could have many advantages over parenteral-route BCG immunisation, including avoidance of needles, ease of administration and low cost. Recently, oral-delivery of BCG was reported as an effective boosting vaccine to pre-existing parenteral-route BCG immunisation, using the BCG MRDJ (Vipond et al. 2008) .
Oral administration has been largely superseded by intradermal administration in public health, although there is now renewed interest in oral-route delivery of BCG vaccines (Vipond et al. 2008) . Mucosal BCG administration inhibited DTH responses to PPD, but induced mycobacteria-specific IFN-γ responses in vaccinated individuals (Hoft et al. 2000) .
Oral route BCG vaccines have the potential for boosting mucosal immunity in BCG-primed vaccinated animals extending the longevity of protection against TB (Vipond et al. 2008) .
Oral BCG was used in recent clinical studies and it was found that revaccination orally induces circulating cellmediated immune responses, but does not induce a positive TST in responsive individuals. It is also able to induce modulation in humoral immunological responses (switch from IgG to IgA isotypes) (Monteiro-Maia et al. 2006) .
Mice orally vaccinated with live M. bovis BCG in lipid-formulation exhibit an IFN-γ response that can be measured systemically and the vaccine conferred protection against an aerosolised mycobacterial challenge. A single oral immunisation with lipid-formulated live BCG invoked secreted and cellular IFN-γ responses in mice eight weeks post-vaccination, the magnitudes of which were significantly elevated in mice receiving multiple immunisations over the eight-week period. Interestingly, the magnitude of IFN-γ responses in mice was amplified by repeated oral immunisations of live BCG, whereas the magnitude of IL-2 production did not increase with multiple immunisations . Wang et al. (2010) indicated that oral vaccination with the liposomal-pcDNA 3.1 + /Ag85A DNA is able to induce Ag-specific mucosal cellular and humoral immune responses. Orally administered liposomal-pcD-NA3.1 + /Ag85A DNA was efficiently incorporated into the mucosal epithelium of the small intestine Peyer' patches and initiated Ag85A-specific T H 1 dominant immune responses, evidenced by the increased secretion of IL-2, IFN-γ and no changes of IL-4. This enhanced T H 1 dominant activation facilitated the augmentation of Ag-specific cytolytic activity of intestinal intraepithelial lymphocytes. Increased expression of FasL in IELs suggested that FasL-Fas pathway was closely involved into the augmented Ag-specific cytolytic activity of intestinal intraepithelial lymphocytes. Meanwhile, intestinal intraepithelial lymphocyte-derived IL-10 and transforming growth factor-β cytokines could harness the class switching of IgM + B cells to IgA producing B cells, elevates the production of sIgA in humoral immunity which contribute greatly to the protection against bacteria in the local mucosal immunity. These data indicated that oral vaccination with the liposomal-pcDNA 3.1 + /Ag85A DNA is able to induce Ag-specific mucosal cellular and humoral immune responses. Especially cellular compartment in the epithelium of the small intestine plays a key role in the mediation of immune responses that eliminate TB. Cross et al. (2008) had concluded that the most appropriate mycobacterial agent to invoke a CMI response via the oral route is live BCG. When incorporated into an edible lipid matrix and delivered as a voluntary consumption vaccine, live bacilli are able to access and replicate within the alimentary tract of lymphatic tissues. This in turn promotes strong IFN-γ responses in particular (which prior work has shown is mainly due to activated CD4 + /CD44 hi /CD62L lo cell populations) and can be augmented by repeated dosing of the vaccine.
Heterologous prime/boost vaccination strategies induce robust T cell responses and may improve protection when compared to BCG alone. Therefore, many new TB vaccine approaches under development focus on booster vaccines to enhance and extend immunity acquired after primary BCG immunisation. Regional immunity in the lung may be important for enhanced protection at the site of initial infection and IN or other mucosal-delivered vaccines might induce Mtb specific mucosal immunity capable of preventing TB infection (Blazevic et al. 2014) .
The importance of the role of T-cells in the immune response to TB is known, but the role for B-cells in mycobacteria specific immunity cannot be ruled out. Sebina et al. (2012) determined the presence and frequencies of mycobacteria-specific memory B-cells (MBCs) in peripheral blood from clinically healthy, BCG-vaccinated and unvaccinated donors. They demonstrate that mycobacteria-specific MBCs responses are elicited after BCG vaccination, readily detected in peripheral blood and are long lived. These data combined suggested a role for B-cells in immune responses to BCG and indicated that BCG vaccination induces long-lived MBC responses. Similar patterns of responses were seen when we examined mycobacteria-specific antibody and T-cell responses in the donors. The data show that BCG vaccination elicits long-lived mycobacteria-specific MBC responses in healthy individuals, suggesting a more substantial role for B-cells in the response to BCG and other mycobacterial infections.
Mucosal vaccines are advantageous when compared to systemic vaccines, as they are easier to produce, easier to administer and do not involve a risk for spreading blood-borne infections. It has been demonstrated that mucosal vaccination can induce both memory IgA + and memory IgG + B cells and there is general agreement that effective mucosal vaccines are able to induce protective immune responses against Mtb and many other infections. Therefore, further discussion is needed to evaluate the role of this route in the immunisation against TB or in combination with the intradermal route in order to generate a more efficient and effective vaccine against TB.
